
AD-A283 629 1

ARMY RESEARCH LABORATORY

Electronic and Fiber-Optic Applications
in Pulsed Power Networks

M. Del Guercio
G. L. Katulka

S. Fortier

ARL-TR-404 May 1994

DTIC
ECTE

UG24

DTIe QUALITY INSPECTED 5

AffOV F PWUJC inZAM MgrfMlIOK 2 =DMn

94-26876 92 0!llllllliillllli~l~l!•94 8 23 093



Destroy this report when it Is no longer needed. DO NOT rtum it to the origiMtor.

Additional copies of this report may be obtainld from the National Technical nformaton
Service, U.S. Departlmnt of Commerce, 5285 Port Royal Road, Springlfeld, VA 22161.

The findings of this report ae not to be construed as an official Department of the Army
position, unless so designated by other authorized documents.

The use of trade names or manufacturers' names In this report does not corndstute
Indorsement of any commercial product.



REPORT DOCUMENTATION PAGE oW_ P o__ __ _
geusged.aimm, rg .e.• a i .uuieuee e auis s ide ufio nwrnag.Se .sa,, m s regida V Sw is eun .tayai ea6

1. AGENCY Ulf ONLY =e & ) -2. NNWf DATE .... R.EPORIT TYPE "a EOT NMDEi

Z. TITL No S 'mru s. FUNOING NUMBER

S c o i ma d P k .Q ,q ppl adoe fa P P vm w N ot • 40 M I3131 4 10 01l

U. AUTHORS)'

Ab d( o. POvhg. L ( lUd, Md S. Fads

7. SWONSOG ORGANIZATION NAM E(S) AND ADORESS(ES) 8. PERFORING /MONIZATIN
REPORT NUMBER

U.S. MA" Remw Lbmaxy
ATN.- AI•SPJ.,Wr-PA
Abd P•b 0mun, MD 21005-=06

9. SMOSOIUNG/MONITOMIG AGENCY NAME(S) AND MO~ESSRES) 10. SPONSORItNG /MONITORIlNG
AGENCY REPORT NUMBER

ATI7 : AMSRlC -O-AP-L ARL-T1-404
Abwdm Phvbg O(wiui. MD 21005-066

I1. SUPPLEMENTARY NOTES

12a. DISTRIBUTION fAVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Appmwad fW publi iwl. dmbeialm is dhidbd

13. ABSTRACT (Maximum 200 words)

The PIPC g tnhne-cmelQ m juuIu at Aedm. Pftoq Ghumid MDml. ofim p .4-ý
netwoks (PN so delim .ecoWc aw at nowifi -mu m u leu. Ta u ,Wba IjecW d 6ku a
"caW " chnbm u a mpeahemi J. cu ms cdmo bdm of pxqellu•w or waklg lbids. T. paoemb
of uaobmg a guam , we pb by dekty-0iftb do p•ai-eeia ijc f eri d' m cmvIndaed PIP uC ma01
pugqellu• igiahiam ~x .),� ), N, dmlc ,emg Mmm mimi mad -hu dais dbm~mm&.
Mli hig dehcakl ai Indu Jowlolved in dbm PEW opma,.n pIqbu * b P d o of a flbw-cpd sm yson,
wh •ich is elm dicimld.

14. SUBJECT TERMS 15. NUMBER OF PAGES
31

am Imp" - aitwafa &ft f 16. PRICE CODE

17. SECURITY CLASSIFICATION 16. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCL.ASEMM UNCUN&SS D ____S_

iNSN 7540-01-280-5500 Standard Form 293 (Rev. 2-9)
Pretatd bV ANSI 5W 239.IS
290-102



INNECIrN~tALY IFT BLANL



______ -_ - - eUe

ACKNOWLEDGMENTS

The mab•om would like o tdmk Dr. Thomma Kouke Ind Mr. Todd Romenbeger of the US. Amy

Reserch Labowosoy (ARL) for their time • nd effmt in zviewog this repoa.

Aocesslon For
NTIS GRA&I G"
DTIC TAB Q
Unannounoed

Justifica aon

Distribution/,.;.-.,
t.valability (Ode$

Avail lnd/cIplot Special



I1Dn~ERMALY LEfT DLAJ4

iv



TABLE OF CONTENTS

AC ONN O W LT ........................................... i

L I OF FIURES .............................................. vii

1. INTRODUCTION ............................................... I

2. BACKCROUND ................................................ 1

3. EXPERIMENTAL DETAILS AND APPARATUS ......................... 3

4. CIRCUIT ..................................................... 7

5. FIBER-OPTIC CIRCUIT .......................................... 8

6. SAFETY ...................................................... 13

7. CONCLUSIONS ................................................ 15

8. R tENCES .................................................. 17

APPENDIX A: AMPLIFYN VOLTAGE DEFOR, CIRCUIT ............ 19

APENDDIX B: FIBER-OPTIC CONTROLLED SECONDARY CIRCUI ........ 23

DISTRIBUTION LIST ............................................ 31

V



INrHWI1DNALLY 1.1FF BLANL

vi



lSF OF FIGURES

1. 50-cm, closed chamnber vessel ...................................... 2

2. FFN aamc m lpat vs. lomed chamber chamber pesure output ............... 3

3. Analytical (Microcp KU) cunent and energy profiles of 300-KJ PIN ........... 4

4. PFN triggerng systemn layout ....................................... 5

5. Acquisition system layout ......................................... 6

6a. 400-mV minimum (Dymec) input signal into amplifying voltage deector ........ 9

6b. Ampifyg voltage detector output into time delay generator ................ 9

6c. lime delay generator urnsformer coupled output into igniton switch .......... 9

7a. Amplifying voltage detector voltage and cumnt output across time delay
generator 50-f" input impedance ................................... 10

7b. Amplifying voltage dMeeor voltage and current outputs across time delay
generator 50-0 input impedance (D2 diode replaced by 50-0 redStor) .......... 11

7c. Amplifying voltage detector voltage and current outputs across time delay
generator 50-f hlni, impedance (D2 diode replaced by short) .............. 12

8. Hewlett-Packanl fiber-optic tras1mitter/mceiver HFBR 1524f2524, 4001 NOR gate

schematics, and truth table ....................................... 14

B-1. Fiber-optic and secondary circuit layout ............................... 26

B-2. Secondary circuit schmnatics and MLc KU simulation ................... 27

B-3. Micrcap UI secondary circuit voltage and currn simulation output at hybrid
relay DC contactors ............................................ 28

vii

S. . . .. . - .. m, mm m m.iMmm mm| I



INTENTIONALLY LE~r BLANK.

vili



1. INTRODUCIION

The U.S Army Research Laboratory (ARL), Aberdeen Proving Ground, MD, is conducting

Investigations into the effects of high-energy plasma injection (Electrothemnal-COemkcal [E=C] Gun

Program) to augment and control the combustion of propellants and working fluids. A closed chamber

vessel is utilized to investigate the propellant combustion Ignition is caused by an electric match

(conventional ignition) or by electrical energy (plasma injection), which may also augment the propellant

energy. The electrical energy is supplied by capacitor banks and pulse-forming networks (PFN). The

propellant ignition can also be accomplished by the combination of a conventional ignition followed by

the discharge of electrical energy. The electrical energy is injected into the closed bomb through an

insulated electrode whose tip is connected to a grounded "erosion nozzle" by a nickel wire (Fortier et aL

1993). The disintegration of this thin wire, caused by the high-energy input, and the subsequent oblation

of a thin polyethylene tubing or "capillary" (plasma capillary chamber), which holds the nickel wire in

place inside an insulated E-glass fiber cylinder (80% glass continuous roving spool and 20% epoxy),

creates a supedreated jet which vents into the combustion chamber. This jet (plasma) reacts with the

propellant, or working fluid, causing its combustion. The question of pressure gain potential obtained by

the conventional (electric match) propellant ignition, followed by the plasma injection process, is of

interest. However, in order to investigate this process, a method for delaying the trigger of the electrical

(PFN) discharge had to be developed. This report discusses the details of the implementation of the delay

circuit.

The design of a fiber optic circuit to control high-voltage relays for the purpose of charging and

discharging the PFNs is also discussed. This circuit employs normally "closed" relays that force the

dissipation of the stored capacitive energy to ground. When the relay's status is "open," the PFN is

enabled for charging.

2. BACKGROUND

The sequence of the plasma-augmented combustion first begins with the conventional ignition of the

propellant in the 45-cm 3 vessel's propellant combustion chamber. It ends up with the electrical energy

being injected in the 5-cm3 plasma capillary chamber (see Figure 1) as the plasma initiated by the PFN

discharge transfers the energy to the already ignited propellant during its later portion of pressurization

An amplified pressure transducer signal is used to enable a voltage detector circuit to trigger a time delay

generator which subsequently triggers the PFN ignition switch at very early stages of the propellant

I
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Figure .. 50-cm 3 Closed chambr vessel.

pressure profile. The voltage detector allows the triggering of the time delay generator, and uabseqemly,

the introduction of variable time delays, making possible the determinaton of the best time frame for the

plasma injection and studies to characterize electrical energy optimization.

The dosed chamber ETC firing circuit was seen to introduce an inherent 10-ps delay between its

triggering time and the time that the PFN discharges (Ignitnm switching) into the closed chamber. Also,

a 50-ps delay was observed (Oberie and Katulka 1993) between the time that plasma was, injected Into

the vessel and the time that the related pressure was detected inside the vessel (Figure 2). Therefore, these

delays had to be taken into account if a preset time delay was added between the time of the conventional

ignition process and the time of injection of the electrically generated plasma into the propellam. The total

time delay had to allow the plasma energy to be added prior to the point of mismatch between assumed

propellant geometry and actual geometry. This will often occur after propellant grain slivering

(Oberle et aL 1993). Slivering occurs when the propellant web bums through and the calculaed surface

area is no longer reliable.
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Figure 2. PiN current input vs. closed chamber fressure ou lta d

3. EXPERIMENTAL DETAILS AND APPARATUS

Data acuisition for voltage and di/dt t eN output usually requires a faster sampming rate than the one

used for pressure (PT t ) as the initial transfer of the electrical energy from the PFN into the cosed

chuamber occunr at a much faster rate than the pOpellant pressure rises (i.e., for MS typically 800 ps for
electrical energy up to 90% rise and 1.8 ms for 90% pressure rise). As a result, a substantial difference

between sampling rates during ETC closed chamber firings (i.e., 0.5 ps/pc) for voltage and d•/dt data

acquisition vs. those used (i.e., 5 ps/pt or 10 ps/pt) for pressure, made difficult the determination of the

prciemoment the chabe pressure bea to rise with respect to the electrical energy inut For that

purpos, on 5--8 April 1993 several ETC fir'ings were performed with an empty chabe (no prplat)

using the same 0.5 ps/lp for both PT and electrical data. These tests utilized an E-glass liner, erosion

nozle, and nickel wire configuration at 15 KJ (3 KV), which simulated the experimental configuration

used for typical ETC firings (Fortier et al. 1993).

For all test cases, it was observed that the pressure trace started to rise after the cumnt peaked and

reached its maximum value when the electrical energy input was completed. The current pulse required

3



an averaWe of 200 ps fom initiation time to peak, and the delay for te rise of the pressure pulse for an

firings was about 50 ps from the current initiation dine. Therefore, the transfer of energy from the PN

to the combustion chamber showed an average delay of 250 ps. This transfer of energy was completed

after 1.2 ms, which was in agreement with the analytically calculated current profile for this 300-KU PFN

(see Fig•u 3).

174 Temperature- 27

T in M

30.00C__ 20.00

27.00 -- -4 , ... . .... . 12.00
54. 00--Ereg~,- 10.00

T-6 rn a in inc
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3O 2.2.

0.00) 0.4 OW 102000

Figure 3. Analytical (MicrocaD Ill) current and energy profiles of 300 K P•N.

Before a propellant charge could be initiated conventionally and electrical energy added at a lat

time, it was essential that the triggering delay associated with the electrical energy input process was

minimized, so that the available time frame for plasma injection was maximized. The 250-ps time delay

between the ignitron triggering and the delivery of the electrical energy was found to include an

undesirable 100-ps delay introduced by the ignitron impulse firing circuiL This delay was eliminated by

triggering the ignition from a piezo-elect-ic pressure transducer via fiber-optic link, utilizing the amplifying

voltage detector circuit shown in Figure 4.

Signals from a Kistler quartz pressure transducer (model 607C4) are processed by a Kistler Dual Mode

Voltage Charge Amplifier (model 5004). A fiber-optic link, consisting of a transmitter (Dymec

4
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model 6723) and a receiver (Dymec model 6722). transfers this signal from the range to the unPifyg

voltage detector (see Figure 5). The previous 250-ps time delay was reduced to 150 M poviding a wider

time frame for the injected plasma to interact with the burning propellant and affect its burning rate The

amplifying voltage detector has a delay of less than I ps and outputs over 3 V with a minimal Input signal

of 400 mV, which corresponds roughly to 1/20 of the maximum pressure rise (8.05 V cahblaion output

or 50,000 psi maximum). The final pressure rise should then not exceed 20 times this minimum pressure

tigger level.

The first approach was to utilize an existing "impuls bomb igniter firing cirult" to energize the

elect match. This circuit is manually triggered and has enough power output to provide input both

the electric match firing circuit and to a parallel ignitron circuit. By adding a time delay genmor in

series with this ignitron input circuit, the PFN could be fired with a selected time delay when 03 manually

triggered impulse had ignited the electric match. This setup required that the magnitude of each propellant

ignition time delay involved (different from shot to shot) had to be determined in advance. Without

knowing this delay, there would be no means of controlling the plasma injection, which is critcal in

unders the effects of the plasma energy on the later portions of the pmsure rise. However, if 03

5
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SWgve vokage signal ( tpmimately 400 mV with die addlitin of dot voltage detacmo chuul) which
corteponds to a known time during Uth pxusmu rise. Triggerin at that given voltage P -wnes
repeatability fiom shot to shot.

The closed pressure vessel (dosed bomb) shown in Figure I consists of a plasma capillary chamber

(ETC ijectin side) and a 45-cm3 popelant combustion chamber. The combustion dcmber pmws

rise is detected by the piezo-electric pressu transducer (Kistler 607C4) sen to a charge ampllfer

(Kisler SO04 Dual Mode Chage Amplifier) and trmitted by fiber optic link (Dymec 6720 Transmitter

Receiver pair) into the amplifying voltage detector cduit. This circuit iniates a time delay generator

which triggers the PFN igniton switch (see Figure 5). causin the plasma to be injected into the

combustion chamber of the vessel (see Figure 1). The time delay geator consists of a power supply,

a trier channel, and delay panels which allow differnmt delays--frm mictueconds t milliseconds

(models 40150-J, 40150-I, 40150-G, and 40150-C). This delay generator has a maximum input of 10 V

at 200 mA and outputs two signals, one ditectly to the PFN ignition (500-V maximum) and a synchronous

(10-V maximum) output to enable connections to the other panels or other nm r1im such as a

digital osinmoscope, for triggenig purposes.

>3DYMEC DYMEC AMPLIFYING MXEL~
TR N H T E • C V O L T A G E U T I M E D E L A Y L - -

DETECTOR GENERATOR
• I I PRESSURE
I- H TIME • , NICOLET

DI/DT 
SOE

L _VOLTAGE CONTROL ROOMJ

FIgure 5. Amulsltden svstem lavaut
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In normal cdosed chamber tern, two pressure inrgs monidor the preure rise in the combuntan

chamber-o-e mounted at die muzzle end of the chamber and a second mouned hi rte combumtion

chamber wall. For these teri, however, tie electric match, which provides the convenional lgnition for

the propellant, is mounted at the end of a steel electrode Io pevent extnision, in place of the muzzle end

mounted gauge. Only the side-mounted pressue giis used. and, as mentioned previously. its pressure

signal is sent via the microdot wiring to a charge amplifier. This chap amplifier is connected to tie

transmiuer/eceiver fiber-optic system which delivers the signal to be recorded into a 4094 Nicolet

oscilloscope. This amplifier is also connected to the voltage detector circuit mid time delay generator

which in turn triggers the ignition (PFN mercury switch) (Figure 5).

4. CIRCUIT

The ideal arrangement would have the time delay generator triggered directly from tie Dymec fiber-

optic link output, which in turn would trigger the ignition and fire the FFN. For the purpose of

determining the amplitude of tie required triggering signal, different voltages were tested using t charge-

amplifier and fiber-optic link. In these tests, the Dymec fiber-optic link had to output a 3-V minimum

amplitude signal in order to trigger the time delay generator. This would account for over one-third of

the total pressure rise, allowing no room for possible time delays or effective interactions of the plasma

with the burning propellanL If, in turm, the gain in the charge amplifier was increased so that a

3-V minimum output signal was obtained with a smaller input signal, then the resulting calibatmi

constant was too large and the pressure data obtained suffered undesired "clipping."

The added circuit detects the pressure rise at a lower voltage amplitude and amplifies the signal,

providing an adequate input that triggers the delay generator while allowing Uh chag amplifier to be set

at the proper calibration ratio. The minimum voltage required for triggering was shown to be about

400 mV, roughly eight times less than before.

An alternating c•u•t (AC) coupling capacitor (CI) allows the pressure pulse into the inverting Input

of an LM741 operational amplifier. lte LM741 requires typically low supply current and, as cmnected,

offers a low input impedance. The capacitance chosen for Cl is 10 pF, and since its reactane is very

small compared to tie 741 input impedance, it is seen as a short circuit by the AC input signal (see

Figure 4).

7



Tu am•l ed signal is am two a second st agoe a 1N914 diode (DI) io avoid my bedback im

ft flit stage. Tal L741 am flt curnt (b) at di bas of fldalu r PN transitor so tho bah

2N3904 mtriltous become bled in their operating eglons. Then 3904 NPN tranistors we connced

to form a CC - CC "Dugzgton pair (Ryder 1976). This connectlon makes both trasstor woik = a

single unit. but with a total current gain of at least the product of each of the direct curent (DC)

collector-base curnut gains (hF of each NPN rmsistoms (TI and 12) (see Figure 4). The net effect of

the Dadington circuit is to raise the gain of an individual trasistor by a power of two, assuming

approximately equal transistor gain (see Appendix A).

The obtained output was over 4 V with 80 mA into 50 OL. The ignition triggered each time the

simulated "calibration" signal (with PFN discharged) was produced at 400 mV (minimum). Most

importantly, the circuit functioned property during conventionally initiated firings and triggered the delay

generator which in taun discharged the PFN at desired preset delays. Figures 6a-c documet a 400-mV

input signal into the voltage detector, its 3.316-V output which causes the tiggering of she time delay

generator, and the 52.44-V generator output that triggers the ignition switch. The circuit behavior was

simulated through Microcap II. Two switches closed from 5 ps to 6 ps to simulate a pulse or transient

similar to the one caused by the calibration signal used to test the actual circuit. The results are shown

in Figures. 7a-c (see also Appendix A).

5. FIBER-OPTIC CIRCUIT

ARL's Weapons Technology Directorate (WTD) has various capacitor-based pulsed power facilities.

Due to the large electrical energy involved, usually on the order of hundreds of kilojoules, their use

requires that the charging and grounding of the capacitor banks be performed cautiously and safely.

Because of the excellent isolation provided by fiber-optic transmissionteceiver links, a Hewlett-Packard

fiber-optic transmitter (control room) and receiver (range) models HFBR 152402524 were used to send a

DC control signal from the control room to PFN relays.

The Hlewlett-Packard fiber-optic transmitter TX1524 sends a DC control signal to a hybrid SSRT

120D110, 120-V AC, 3- to 32-V DC relay, via its RX2524 receiver. This relay, in tu, controls the AC

voltage input of the high-voltage relays (Ross Enginming model E25-NC-25-2-O). By closing or opening

these relays, the capacitor banks are grounded or lifted from ground (via a 5% CuSoM water solution

"dump" resistors), enabling the PPN to be energized.

8
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The TX1524 transmitter is powered by two 9-V batteri conncted in parallel. A 270-0 resistor is

used at pin No. I (FIgum 8) to set an input curnmt to t light-emittin diode (LED) below its 750-mA

maximum =Ating. Pin No. 2 is connected to gound, and pin Nos. 3 and 4 are not used. traunsmitted

signal activates a pholodiode located in ft RX2524 receiver, whose output is amplified and am into a

Schottky transistor. The receiver has a provision to "pull up" a high output through a 1-kO "pull up"

resistor on pin No. 4. Pin No. 1 is the output and pin Nos. 3 and 2 are the VCC (+5-V DC appied

voltage source) and ground connections, respectively. A secondary circuit (see Appendix B), which

consists of an NPN transistor, Nor gates, and LM741 op-amps, conrelases the trasmitter amplified signal

into he SSRT hybrid and high-voltage relays matching an "ON" status with an "OPEN" relay mode and

an "OFF" status with a "CLOSED" one. This secondary circuit also ensures that the high-voltage relays

are set "ON" or "OPEN" only when the TX 1524 transmitter is "ON." An uninremiabe power supply

(UPS) is used inside the range because undesirable fluctuations in the AC could affect the DC output

voltage level on the ACADC convener that power the RX 1524 receiver and the secondary circuit, causing

damaging high-voltage relay "chatter." A Microcap MI simulation (see Appendix B) shows the output at

Ue hybrid relay DC terminals.

6. SAFETY

The arrangement previously mentioned controls the high-voltage relay operation solely by Ute "ON"

and "OFF" of tie fiber-optic switch. The usage of the mentioned UPS ensures a stable +VCC of +5 V

for the RX2524 receiver, avoiding the possibility of high-voltage relay "chattering" (Katulka et al. 1991;

Eccleshal 1990). The 500-4 resistor added across the DC side of the SSRT hybrid relay reduces its 5-kO

input impedance and boosts the output current. Ths arrangement maximizes the voltagekurrent gain when

the hybrid relay in "ON." The potential differences between these HIGH" and "LOW" outputs easily

control Ute SSRT (4-V DC maximum at 8 mA), providing a very reliable "CLOSED" or "OPEN" PFN

relay mode. Two of the high-voltage PFN relays auxiliary outputs are connected each by a 1-kO resistor

to 3-V DC red and green LEDs. respectively. These, in tur, am grounded by 470-0 resistoms.

At th range, an AC/DC converter solid-sta power supply (Global series 0-F 1-24) provides

the +5-V DC for the +VCC of the RX2524 flber-optic receiver, the 4001 "NOR" gia, and bodh

LJM741 op-mps. It also provides the AC needed for the high-voltage relay operation. If this AC/DC

converter is "ON" and Ue fiber-optic link is set "OFF," the high voltage relays will close ("OFF" mode),

and consequently, the green LEDs will be set "ON" (safe mode). If, however, the fiber optic-link is st

13
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"ON," dw hlg-vokap relays will open ("ON" mode) mnd 11m red LED. wil be m "ON (mmak mode).

f die ACJD cmnverter is "OM" the "ON" ad "WO od"e ferMopdc signal has no comnrol an the

7. CONC~uSIONS

Ifl Maxwell-Ignition circuit allowed PEWN trelrng at v early stages ot the convaMiand press=

rbe, via the Kiater signal, and added the waxed delays on die plahu injection to the ETC part of the

combustion cycle. The opoelecbr1 c circuit has been operating as a remote control switch for two PFN

facilities located at Bldg. 390, Ranges 161 and 174 (100 kJ and 150 U. respectively). It has been proven

to be very reliable and has enhanced the safety in the operation of the capacitor banks involved.

15
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APPENDIX A:

AMIPLIFYNG VOLTAGE DETECFOR CIRCUIT
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The curM 9 at the emitter of TI equals

0 + JhIFTI]) * lU(Tl) - l7Cl2),

which Is the bow curet to T7, -,, heft the c mrit atthe emt 2 equa to

(I + hb•E(2]) * Mb(T2).

1im curent pin Ie(l2)Ilb(I). is apxiteyequal to

The emitter of TI connected to the base of r2 creates a "emitter feedback," which aumrs te circuit

linearity. However, if the emitter of T1 and the emitter of the second uuuistor 12 ame connected by a

second IN914 diode (D2), a faster turn "off" for 12 occus (see Figures 6a and 6c), limiting the cumet
leakage from TI to the base of 12 because of the voltage drop across the diode D2, thus avoiding setting

12 into conduction with the leskAg currenL T e input resistance into TI, wihow t second diode D2,

would equal hFE(TI) mul ed by the input reslstuie into the base of 12, which equals

hFEM)*RL

and is suistuatially larger. Because D2 has a resistance RD2 of less than 100 GS, in parafel to die 50-0

"load" resistance RL of the time delay genemor, this results in a resistam equal or less than 500Q The

input resistance to TI is then apploximately equal to

1FECFI) * 50

or less than k5 , Md because the 741 op-amp has the inverted input conmected to the ouput pL, its input

resstmne 2in is negligible (otherwise on the order of 1015+12 Us). So, as the 10-pF capacitor plus the

5 kO inpt impedance acts as a hgh-p4 s iter, the f3db break point equals

II(2*Pi*Zin*C),
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AFFENDIX 3

tIE-OPTIC CONTROLLED SECONDARY CIRCUrT
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When the Schftay is "ON" (RX2524 "ON-), pin No. 1 is grounded by way of pin No.2, which is
comieced o pounmd. When the Schotaky is "OF,* It creats a high resistance betwme output pin Nos.

and 2 to ground. This fact is used (Figures B-la and B-Ib) to comect an NPN 2N3904 trunismor in the

following way: collector C to pin No. 4, bae B to pin No. 1, and emiaer E to ground, across a IS-MO

resistor. Pin Nos. 4 and I have a 1-kl resistor across them, to ad the uight bus current at VS, buw to

the NN transisor, when the Schouky Mmistor is "OFF."

When the Schotky is "ON," the output CB taken from the buae B of the NPN is low (as pin No. 1

is grounded through Schottky transstor to pin No. 2). But when the Sclhttky is "OFF," a bus carrent

is established through B, and the NPN is based popedy as pin No. 4 is "HIGH." and the transistor is then

operating in its active region, creating a high output at VB. The output is taken from B, instead of E,

because the emitier voltage VE is almost totally dependent of the +5-V DC. This voltage, for all

purposes, would control the hybrid relay instead of the "ON," "OFF" from the fiber-optic link. Because

a "HIGH" output at VB is obtained when the switch is "OFW" and a "LOW" output is similarly obtained

when the switch is "ON," a "NOR" gate is used as a next step in the circuit, to make the "HIGH" output

co-respond to an "ON" switch and the "LOW" output to an "OFF" switch. The "NOR" gate "trath table"

is shown in Figure 8. Only two *NOR" gates are used of the total four provided by the 4001 chip. Each

has two inputs. By gounding one, as the table shows, its output can only be "HIGH" when the other

input is also "LOW." Because further amplification is needed, as the hybrid SSRT relay requirs 3-V DC

input minimum, 2 op-amps are added to the circuit. The input to the "NOR" gates is by way of pins

Nos. I and 9 and the outputs by pin Nos. 3 and 10. The output from pin No. 3 (NORI) will be the input

to a first LM741 op-amp, which will output the +VCC voltage to operate the second "NOR" gate (NOR2).

Pin No. 10 will in trn provide the input to the second op-amp.

The Microcap II simulation in Figures B-I through B-3 show the output at a 500-4 resistor RI

(acros a hybrid relay DC terminals) to be in agreemnem with the actual circuiL For purposes of simulating

the action of the fiber-optic switch on the circuit, two switches are used to set a square pulse of a 30-ps

lngth. le actual circuit has the second LM741 powered by the output of the first LM741, and the two

"NOR" gases have the +5-V source as their +VCC source. As the Microcap HI simulation does not

provide an input port in the schematic for the op-amps +VCC, bat it does for the "NOR" gates, the output

of the first LM741 is shown connected to power the second "NOR" gate. The final result is the same,

a the second LM741 actuates the high-voltage relays only when the fiber-optic signal has been processed

through the first "NOR" gae, enabling the second "NOR" gate via the first LM741. Fither way, these
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c c m a-fum that th hii•g-vok relays can be se "ON" only when th fiber-optic spa has

reached the RX2524 receiver. However, if undesired flucami offs the +5-V VCC while t fiber-

optic switch i "ON," the high power rays will "chatter." This can be avoided by powering the AC/DC

converter, which is the +5-V VCC source for the RX2524, through an UPS.
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